Abstract.-
I. INTRODUCTION Photoluminescence i n undoped amorphous hydrogenated s i l i c o n (a-Si:H) was f i r s t r e p o r t e d by Engemann and F i s h e r ( 1 ) . I t has been g e n e r a l l y found i n both glow d i scharge and r e a c t i v e l y s p u t t e r e d undoped a-Si:H. However, t h e number of t h e luminescence peaks and t h e i r r e l a t i v e i n t e n s i t i e s vary widely with t h e c o n d i t i o n s of prepar a t i o n (2-5). From t h e v a r i a t i o n s of t h e luminescence i n t e n s i t y w i t h t h e temperature of measurement o r with time, s e v e r a l models have been proposed w i t h t h e i m p l i c i t assumption of an homogeneous m a t e r i a l with a s i n g l e d i s t r i b u t i o n of s t a t e s .
The photon e n e r g i e s corresponding t o t h e peaks i n photoluminescence have been a t t r i b u t e d t o a number of d i f f e r e n t mechanisms : convolution of t h e s t a t e d i s t r i b u t i o n s i n t h e conduction (unoccupied) and valence (occupied) band t a i l s ( I ) , band t o band t r a n s i t i o n s with p o l a r o n i c e f f e c t s ( 4 ) , t r a p p i n g on d e f e c t s and subsequent r a d i a t i v e recombinat i o n towards t h e valence band ( 3 ) . The decrease of luminescence i n t e n s i t y with borum doping (5) was a t t r i b u t e d t o a p a r a l l e l i n c r e a s e i n t h e dangling bonds densit y . I n t h e same time, t h e i n t e n s i t y of t h e l i n e a t 0.93 eV ( a t t r i b u t e d t o c a t c h and l o s s of a n a d d i t i o n a l e l e c t r o n by dangling bond) i n c r e a s e s . W e b e l i e v e t h a t many r e s u l t s such a s t h o s e o f photoluminescence, thermally stimulated c u r r e n t s , o p t i c a l a b s o r p t i o n and e l e c t r i c a l c o n d u c t i v i t y a r e not c o n s i s t e n t with t h e d e s c r i p t i o n of t h e a-Si:H by a s i n g l e d i s t r i b u t i o n of s t a t e s ( 6 ) . On t h e c o n t r a r y , t h e y a r e q u i t e c o n s i s t e n t w i t h t h e e x i s t e n c e of a t l e a s t two d i s t r i b u t i o n s of s t a t e s i n an inhomogeneous m a t e r i a l . TEN and W (7) s t u d i e s g i v e evidence f o r two zones of d i f f e r e n t physicochemical p r o p e r t i e s , one g r a i n l i k e (G.L.) and t h e o t h e r g r a i n boundary l i k e (G.B.L.) and s o independent support of t h i s p i c t u r e . W e have d i scussed t h e constancy o f t h e energy of t h e luminescence components i n another paper (6) and proposed a p i c t u r e according t o which i n photoluminescence experiments, t h e l i g h t absorption t a k e s p l a c e i n t h e G.B.L. zone, and t h e c a r r i e r s a r e t r a n s f e r r e d t o t h e G.L. zone where t h e luminescence t a k e s place. I n t h i s paper, we study t h e v a r i a t i o n s of t h e i n t e n s i t i e s of t h e various peaks due t o changes i n t h e d e p o s i t i o n r a t e s v , t h e d e p o s i t i o n temperature Ts and i n boron doping c o n c e n t r a t i o n t o s e e i f t h e y a r e cons i s t e n t w i t h our p i c t u r e .
PREPARATION AND CHARACTERISATION
The f i l m s a r e prepared by RF diode cathodic s p u t t e r i n g of a S i t a r g e t i n a react i v e g a s 20 % H2 / 80 % A r ando,, 10-5, 10-4, 10-3 of B2Hg. About 1 of a-Si:H was deposited o n t o roughened c-Si t o remove t h e i n t e r f e r e n c e s f r i n g e s . W e have s e l e c t e d The t o t a l hydrogen c o n t e n t i s determined by resonant n u c l e a r r e a c t i o n w i t h boron (8) o r n i t r o g e n ( 9 ) . The boron c o n t e n t i s determined by t h e resonant n u c l e a r r e a c t i o n with hydrogen ( 9 ) . The argon and S i d e n s i t i e s a r e determined by Rutherford backscatt e r i n g w i t h ~e~ ( 9 ) . Results f o r undoped a-Si:H were a l r e a d y published (8).
A s v i n c r e a s e s , t h e hydrogen c o n t e n t decreases. RMN (7) experiments suggest t h a t t h i s i s due mainly t o changes i n G.B.L. zone i n undoped m a t e r i a l . O p t i c a l absorption experiments confirm t h i s p i c t u r e ( 6 ) . Results f o r B doping a r e given on Fig. 1 . Fig. 1 .
B 2 H 6 / (~r + H 2 )
There i s an important i n t e r a c t i o n between boron, hydrogen, s i l i c o n and argon (9) r e s u l t i n g , f o r i n s t a n c e , from boron atoms which do not give a d d i t i o n a l c a r r i e r s a s they would have done i f they were i n s u b s t i t ut i o n a l p o s i t i o n s .
The The v a r i a t i o n s of t h e i n t e n s i t i e s of t h e v a r i o u s l i n e s versus v a r e shown on Fig. 2a f o r Ts = 190°C. A t 190°C, when v i n c r e a s e s t h e i n t e n s i t i e s of t h e 1.08 and 0.93 eV components remain n e a r l y c o n s t a n t , while t h a t o f t h e 1.36 eV component decreas e s and t h a t of t h e 1.2 e v component i n c r e a s e s slowly t h e n decreases. A t 250°C (~ig.Zb) when v i n c r e a s e s , t h e i n t e n s i t y of t h e 0.9 eV component remains c o n s t a n t , while t h a t of t h e 1.36 and 1.2 e v components d e c r e a s e s and t h a t of t h e 1.08 eV l i n e slowly inc r e a s e s t h e n decreases. 
F i g -2 -I n t e n s i t i e s of components of luminescence vs deposition The v a r i a t i o n of t h e o p t i c a l gap versus v a t 190°C and 250°C
a r e shown on Pig. 2c (8) .
The o p t i c a l gap d e c r e a s e s a s v i n c r e a s e s and it d e c r e a s e s more r a p i d l y a s T , increa-
In t h i s c a s e , t h e supply of carriers t i o n a l c a r r i e r s . This w i l l g i v e a c o n s t a n t i n t e n s i t y f o r t h e 0.9 eV peak a s v o r Ts inc r e a s e . On t h e c o n t r a r y , t h e higher s t a r t i n g l e v e l w i l l have always poor c a r r i e r supp l y t h a t w i l l become poorer and poorer a s t h e m o b i l i t y gap narrows. As t h e gapnarrows t h e 1.2 and 1.08 eV s t a r t i n g l e v e l s w i l l change from t h e f i r s t t o t h e second behaviour. This simple phenomenological p i c t u r e agrees with a l l our experimental r e s u l t s .
b) Boron doped f i l m s
The e n e r g i e s o f t h e l i n e s decrease a s t h e boron doping i n c r e a s e s . The e f f e c t is l a r g e r and l a r g e r when t h e energy of t h e l i n e decreases. Nearly t h e same energy values a r e obtained f o r high boron doping f o r any v. The v a r i a t i o n of t h e luminescence int e n s i t i e s of t h e v a r i o u s components with i n c r e a s i n g B doping i s shown on Fig. J b and 4b . For a l l components, a t both v ' s t h e luminescence i n t e n s i t y d e c r e a s e s r a p i d l y a s t h e doping l e v e l i n c r e a s e s , much more r a p i d l y than t h e decrease we have with v i n t h e undoped m a t e r i a l . However, t h e v a r i a t i o n of t h e o p t i c a l gap i s qukte d i f f e r e n t . A t 30 Vmn, it goes through a maximum between 10-5 and lod4
while it i n c r e a s e s slowly w i t h t h e doping l e v e l a t v 100 %/mn. The hypothesis of n e a r l y c o n s t a n t G.L. s t r u c t w e and luminescence i n t e n s i t y c o n t r o l l e d by t h e t r a n s f e r of c a r r i e r s from t h e G.B.L. zone cannot be r e t a i n e d here. The s i m p l e s t hypothesis i s t h e occurrence o f an i n c r e a s i n g number of recombination c e n t e r s i n t h e G.L. zone when t h e doping i n c r e a s e s . These a d d i t i o n a l d e f e c t s may be induced f o r i n s t a n c e by non s u b s t i t u t i o n a l doping i n t h e G.L. zone whose concentration w i l l i n c r e a s e w i t h doping.
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The s h i f t of t h e peaks t h a t we observe w i t h B doping i s c o n s i s t e n t w i t h t h i s p i c t u r e .
t--.-+.)
W e have shown t h a t t h e g r a i n l i k e -g r a i n A b s o r p t i o n o f l i g h t which produces c a r r i e r s , t a k e s p l a c e i n t h e G.8.L. zone. For undoped a-Si:H, t h e e f f i c i e n c y of t h e c a r r i e r t r a n s f e r t o t h e G.L.
zone where t h e luminescence t a k e s p l a c e c o n t r o l s t h e i n t e n s i t y of t h e v a r i o u s peaks whose energy remains about c o n s t a n t r e f l e c t i n g t h e constancy o f theG.L. s t r u c t u r e . The s i t u a t i o n i s s i m p l e r i n t h e c a s e o f B doping where t h e dominant f e at u r e i s t h e i n c r e a s e o f non r a d i a t i v e channel by t h e d e f e c t s i n t r o d u c e d by non subs t i t u t i o n a l doping i n t h e g r a i n l i k e zone a s w e l l a s t h e g r a i n boundary l i k e zone.
ACKNOWLEDGMENTS -We wish t o t h a n k B.K. Chakraverty f o r f r u i t f u l d i s c u s s i o n s , and M. Le C o n t e l l e c , C.N.E.T.
Lannion, f o r h i s h e l p i n luminescence measurements.
